Multiply
By To obtain Length inch (in.) 2.54 centimeter (cm) foot ( Horizontal coordinate information is referenced to the insert North American Datum of 1983 (NAD 83).
Specific conductance is given in microsiemens per centimeter at 25 degrees Celsius (µS/cm at 25 °C).
Concentrations of chemical constituents in water are given either in milligrams per liter (mg/L) or micrograms per liter (µg/L).
Laboratory reporting level (LRL)-Generally equal to twice the yearly determined long-term method detection level (LT-MDL). The LRL controls false negative error. The probability of falsely reporting a nondetection for a sample that contained an analyte at a concentration equal to or greater than the LRL is predicted to be less than or equal to 1 percent. The value of the LRL will be reported with a "less than" remark code for samples in which the analyte was not detected. The National Water Quality Laboratory collects quality-control data from selected analytical methods on a continuing basis to determine LT-MDLs and to establish LRLs. These values are reevaluated annually based on the most current quality-control data, and, therefore, may change (Childress and others, 1999) . Groundwater characteristics are affected by the geology and the land use of the area. Shallow wells that tap into sand and gravel aquifers are susceptible to contamination by several kinds of compounds, including volatile organic compounds (VOCs), pesticides, deicing chemicals, and nutrients from upgradient highways, industrial, agricultural, and residential areas. The movement of these contaminants to the water table through the soils and surficial sand and gravel can be relatively rapid. Bedrock wells that tap into sandstone and shale aquifers in rural upland areas generally are less susceptible to contamination from industrial and urban sources, which are mainly in the valleys; but bedrock wells in lowland areas underlain by carbonate rock (limestone and dolostone) may be more vulnerable to contamination from surface runoff because infiltration rates and groundwater flow can be relatively rapid through solution features in the rock. Agricultural land upgradient of wells may be a potential source of contamination from fertilizers, pesticides, and fecal waste from livestock; lawns and residential septic systems also are a potential source of these contaminants. In addition to anthropogenic contaminants, the aquifers contain naturally derived constituents that may diminish water quality, such as sodium, chloride, sulfate, iron, manganese, arsenic, hydrogen sulfide, methane, and radon gases.
Study Area
The Upper Susquehanna River Basin lies mostly in south-central New York and partly in north-central Pennsylvania ( fig. 1) . A complete description of the study area is included in the first Upper Susquehanna River Basin report (Hetcher-Aguila and Eckhardt, 2006) . Briefly, the study area (4,522-square miles (mi 2 )) includes all or parts of 15 counties in south-central New York. The study area lies within the Appalachian Plateau physiographic province and includes the Upper Susquehanna subbasin, the Chenango River subbasin, and the Owego Creek-Wappasening Creek subbasin ( fig. 1 ). The study area is predominantly rural, although it contains several small cities (Oneonta, Binghamton, Norwich, and Cortland, fig.1 ) and many villages. Most of the developed areas are within the Susquehanna, Unadilla, Chenango, and Tioughnioga River valleys ( fig. 1 ). The main valley of the Susquehanna River trends northeast-southwest and is about 1 mile (mi) wide in most places. The Susquehanna River Basin drains most of south-central New York and one-half of Pennsylvania and eventually flows into Chesapeake Bay ( fig. 1 ).
During deglaciation of the region, sand and gravel were deposited by meltwater streams and clay, silt, and fine sand were deposited in proglacial lakes. The glaciofluvial and glaciolacustrine deposits within the study area are described in detail by Randall (2001 ), Fleisher (1977a 1986) , MacNish and Randall (1982), and (Coates, 1966) . The most productive aquifers within the study area are the glaciofluvial deposits of sand and gravel in the valleys. Bedrock aquifers typically are used for water supply in upland areas where sand and gravel aquifers are absent. The bedrock aquifers throughout most of the study area consist of fractured shale and sandstone; carbonate-bedrock aquifers of fractured and solutioned limestone and dolostone are limited to a small area in the northern part of the basin.
Methods
A total of 30 wells (table 1-1) were selected for sample collection as described by Hetcher-Aguila and Eckhardt (2006)-16 were finished in sand and gravel aquifers, and 14 were finished in bedrock aquifers. Of the 16 wells that tap into sand and gravel aquifers, 14 are production wells and 2 are private residential wells. Of the 14 bedrock wells, 2 are production wells and 12 are private residential wells. Samples were collected from August through December 2009. The water samples were analyzed for 10 physical properties and 137 constituents, including 4 types of bacterial analyses. Two samples (one field blank and one replicate sample) were collected for quality assurance (QA) and quality control (QC), as required for the Federal 305(b) program.
Samples were collected from every well for these analyses and were processed by methods described in U.S. Geological Survey (USGS) manuals for the collection of water-quality data (U.S. Geological Survey, variously dated). A detailed description of the sampling and analytical methods is provided by Hetcher-Aguila and Eckhardt (2006) . Samples collected for pesticide analyses were processed by the methods of Shelton (1994) , Sandstrom and others (2001) , and Wilde and others (2004) . These samples were analyzed through gas chromatography-mass spectrometry (GC-MS) and high-performance liquid chromatography-mass spectrometry (HPLC-MS), as described by Zaugg and others (1995) , Furlong and others (2001) , Sandstrom and others (2001) , Meyer and others (1993) , and Lee and Strahan (2003) . The analytical method devised by Zaugg and others (1995) was developed in cooperation with the U.S. Environmental Protection Agency (USEPA) and allows detection of the Nation's most commonly used pesticides. VOCs were analyzed by GC-MS using methods described by Connor and others (1998) .
Radon-222 activities were measured through liquid-scintillation counting (ASTM International, 2009 ). Gross alpha and gross beta radioactivities were measured through gas flow proportional counting according to USEPA method 900.0 (U.S. Environmental Protection Agency, 1980) . Carbon dioxide and methane concentrations were measured through gas chromatography with flame ionization detection; dissolved nitrogen gas and argon concentration were measured through gas chromatography with thermal conductivity detection. Total organic carbon samples were analyzed by high temperature combustion and catalytic oxidation for measurement by infrared detection (American Public Health Association, 2005, Standard Method 5310 B). Mercury concentrations were measured through cold vapor-atomic fluorescence spectrometry according to methods described by Garbarino and Damrau (2001) . Arsenic, chromium, and nickel analyses used collision/reaction cell inductively coupled plasmamass spectrometry (cICP-MS) as described by Garbarino and others (2006) . The remaining trace elements were analyzed by inductively coupled plasma-atomic emission spectrometry (ICP-AES) (Struzeski and others, 1996) , inductively coupled plasmaoptical emission spectrometry (ICP-OES), and inductively coupled plasma-mass spectrometry (ICP-MS) (Garbarino and Struzeski, 1998 ). In-bottle digestions for trace-element analyses described by Hoffman and others (1996) were followed. Samples for bacterial analyses were processed in accordance with New York State Department of Health (NYSDOH) guidelines.
The analyses for physical properties, most trace elements and metals, acid-neutralizing capacity, organic carbon, radiochemicals, and VOCs were done on unfiltered water samples to obtain total whole-water concentrations. Dissolved concentrations of nutrients, major inorganic constituents, three metals, and pesticides were obtained from filtered samples. Concentrations of iron and manganese were measured in filtered and unfiltered samples to provide the total and dissolved concentrations (table 1-6). Hydrochloric acid was added to samples collected for VOC, and mercury analyses, and nitric acid was added to samples collected for gross alpha and gross beta analyses and some of the samples collected for trace-element analyses to prevent sample degradation. Samples collected for dissolved inorganic-compound analyses were filtered through a 0.45-micrometer (µm) polyether sulfone capsule filter; samples for pesticide analysis were filtered through a 0.7-µm furnace-baked glass-fiber plate filter by the methods of Wilde and others (2004) .
All samples except those for radiochemical analyses were chilled to 4 degrees Celsius (°C) or less and were kept chilled until delivery to the analyzing laboratory. The samples were delivered directly, or shipped by overnight delivery, to four laboratories: (1) the USGS National Water Quality Laboratory (NWQL) in Denver, Colorado, for analysis for inorganic major ions, nutrients, total organic carbon, inorganic trace elements and radon-222, pesticides and pesticide degradates, and VOCs; (2) the USGS Chlorofluorocarbon Laboratory (CFCL) in Reston, Virginia., for select dissolved gases; (3) a NYSDOH-certified laboratory in Richmond, California, for gross alpha and gross beta radioactivities; and (4) a NYSDOH-certified laboratory in Ithaca, New York for bacterial analysis.
Groundwater Quality
Samples from 30 wells were analyzed for 147 constituents and physical properties. Many of these (74) were not detected above the laboratory reporting levels (LRLs) in any sample (table 1-2). Results for the remaining 73 constituents and properties that were detected are presented in tables 1-3 through 1-13 (at end of report). The categories are as follows: physical properties (table 1-3), inorganic constituents (table 1-4), nutrients and total organic carbon (table 1-5), trace elements and radiochemicals (table 1-6), pesticides (table 1-7), VOCs (table 1-8), and bacterial water-quality indicators (table 1-9). Some concentrations were reported as "estimated" when the detected value was less than the established LRL, or when recovery of a compound has been documented to be highly variable (Childress and others, 1999 Health, 2007) . MCLs are enforceable standards that specify the highest level of a contaminant that is allowed in public water drinking supplies; they are not enforceable for private homeowner wells, but are presented here as a guideline for evaluation of the water results. SMCLs are nonenforceable guidelines based on cosmetic and aesthetic criteria, such as taste and odor. HAs are estimates of acceptable drinking-water levels for contaminants that can affect human health; they are nonenforceable guidelines that provide technical guidance for water use.
The QA/QC field blank contained no constituent in concentrations greater than the LRLs, except mercury, which was detected at a trace concentration of 0.39 micrograms per liter (μg/L); however, mercury was not detected in any of the environmental samples at a concentration greater than the LRL. This indicates that little to no contamination occurred through the sampling or analytical procedures. The results of analysis of the QA/QC replicate sample indicates that variability in sample results meet the precision requirements of the study. The analytes with the largest percent differences between concentration in a groundwater sample and that in the replicate sample were acid-neutralizing capacity, residue on evaporation, and low-concentration trace elements (concentrations near the LRL for the elements).
The quality of the sampled groundwater genrally was acceptable, although in samples from 28 of the 30 wells the concentrations of at least 1 constituent exceeded recommended MCLs, SMCLs, or HAs set by the USEPA and the NYSDOH. Exceedances generally involved minerals that occur from natural interactions of water and rock (arsenic, iron, manganese, sodium), but also included bacterial contamination. A total of 17 of the wells tested exceeded the USEPA proposed MCL for radon-222, which is generated from the natural decay of uranium.
Physical Properties and Dissolved Gases
The pH of the samples (table 1-3) ranged from 6.3 to 9.2; the median was pH 7.5 for sand and gravel wells and pH 7.9 for bedrock wells. There were four bedrock wells that had pH values outside the accepted USEPA SMCL range of pH 6.5 to 8.5 (U.S. Environmental Protection Agency, 2009). The temperature of the water ranged from 8.7 o C to 17.5 o C; the median was 11.0 o C for sand and gravel wells and 12.8 o C for bedrock wells. Specific conductance of the samples ranged from 105 to 1,220 microsiemens per centimeter (µS/cm) at 25°C; the median was 390 µS/cm at 25°C for sand and gravel wells and 378 µS/cm at 25°C for bedrock wells. The color of the water samples ranged from less than 1 platinum-cobalt (Pt-Co) unit (the LRL) to 5 Pt-Co units; the median was less than 1 Pt-Co units for sand and gravel wells and 2 Pt-Co units for bedrock wells.
Dissolved-oxygen concentrations ranged from less than 0.1 milligram per liter (mg/L) (the LRL) to 8.2 mg/L; the median was 3.2 mg/L for sand and gravel wells and 0.4 mg/L for bedrock wells. Dissolved-nitrogen concentrations ranged from 18.7 mg/L to 30.6 mg/L; the median was 20.8 mg/L for sand and gravel wells and 24.6 mg/L for bedrock wells. Carbon dioxide concentrations ranged from 0.2 mg/L to 42 mg/L; the median was 17.5 mg/L for sand and gravel wells and 5.6 mg/L for bedrock wells. Methane concentrations ranged from less than 0.0005 mg/L (the LRL) to 22.4 mg/L; the median was less than 0.0005 mg/L for sand and gravel wells and 0.15 mg/L for bedrock wells. Argon concentrations ranged from 0.652 mg/L to 0.935 mg/L; the median was 0.735 mg/L for sand and gravel wells and 0.830 mg/L for bedrock wells. The odor of hydrogen sulfide gas, which may occur in the absence of oxygen, was noted by field personnel in water from eight bedrock wells.
Major Ions
The cations that were detected in the greatest concentrations were calcium and sodium (tables 1 and 1-4). Calcium concentrations ranged from 2.21 to 128 mg/L; the median was 45.7 mg/L for sand and gravel wells and 28.2 mg/L for bedrock wells. Magnesium concentrations ranged from 0.424 to 20.3 mg/L; the median was 7.37 mg/L for sand and gravel wells and 4.82 mg/L for bedrock wells. Potassium concentrations ranged from 0.23 to 3.75 mg/L; the median was 1.24 mg/L for sand and gravel wells and 0.50 mg/L for bedrock wells. Sodium concentrations ranged from 1.96 to 170 mg/L; the median was 20.3 mg/L for sand and gravel wells and 36.8 mg/L for bedrock wells. Results indicate six samples exceeded the USEPA nonregulatory drinking-water advisory taste threshold, which recommends that sodium concentrations in drinking water not exceed the range of 30 to 60 mg/L (U.S. Environmental Protection Agency, 2002; 2009) .
The anion that was detected in the greatest concentration was bicarbonate, which is a measure of alkalinity and contributes to residue on evaporation (tables 1 and 1-4). Bicarbonate concentrations ranged from 45 to 329 mg/L; the median was 181 mg/L for sand and gravel wells and 206 mg/L for bedrock wells. Chloride concentrations ranged from 0.71 to 201 mg/L; the median was 34.0 mg/L for sand and gravel wells and 5.79 mg/L for bedrock wells. Fluoride concentrations ranged from an estimate of 0.04 mg/L to 0.74 mg/L; the median was an estimate of 0.06 mg/L for sand and gravel wells and 0.23 mg/L for bedrock wells. Silica concentrations ranged from 4.76 mg/L to 14.3 mg/L; the median was 7.13 mg/L for sand and gravel wells and 8.29 mg/L for bedrock wells. Sulfate concentrations ranged from an estimate of 0.17 to 36.0 mg/L; the median was 14.5 mg/L for sand and gravel wells and 7.51 mg/L for bedrock wells. Calcium and magnesium contribute to water hardness. Water hardness in the basin ranged from 7 to 400 mg/L (as CaCO 3 ); the median was 145 mg/L for sand and gravel wells and 96 mg/L for bedrock wells. Sixteen of the samples were soft to moderately hard (120 mg/L as CaCO 3 or less); and 14 wells yielded water that was hard to very hard (greater than 120 mg/L as CaCO 3 ) (Hem, 1985) . Wells finished in bedrock were slightly more alkaline (median 168 mg/L as CaCO 3 ) than those finished in sand and gravel (median 148 mg/L as CaCO 3 ). Residue on evaporation is a measure of total dissolved solids, and ranged from 60 to 736 mg/L. The median residue on evaporation was 207 mg/L for sand and gravel wells and 206 mg/L for bedrock wells; three samples exceeded the USEPA SMCL of 500 mg/L.
Nutrients and Organic Carbon
Nitrate was the predominant nutrient in the groundwater samples (tables 2 and 1-5). Nitrate plus nitrite concentrations ranged from less than 0.04 (the LRL) to 3.72 mg/L as nitrogen (N); the median concentration was 1.18 mg/L in samples from sand and gravel wells and less than 0.04 mg/L in samples from bedrock wells. However, nitrite concentrations were typically low; the maximum concentration was 0.040 mg/L. No samples exceeded the nitrate or nitrite MCLs. Ammonia concentrations ranged from less than 0.020 (the LRL) to 0.303 mg/L as N. Orthophosphate concentrations ranged from an estimate of 0.005 to 0.311 mg/L as phosphorus (P). Total organic carbon concentrations ranged from an estimate of 0.4 mg/L to 2.5 mg/L.
Trace Elements and Radiochemicals
The trace elements detected in the greatest concentrations (>100 µg/L) were barium, boron, copper, iron, lithium, manganese, strontium, and zinc (tables 3 and 1-6). Boron, lithium, and strontium were detected at greater concentrations in bedrock wells compared to sand and gravel wells. Barium concentrations ranged from 5.7 µg/L to 944 µg/L. Boron concentrations Other trace elements were detected at low to moderate concentrations (as much as 100 µg/L). Aluminum concentrations ranged from less than 6 (the LRL) to 59 µg/L; the Federal SMCL (50 µg/L) was exceeded in two bedrock well samples. Arsenic concentrations ranged from an estimate of 0.11 to 18.4 mg/L; the Federal and NYSDOH MCL (10 µg/L) was exceeded in one sand and gravel well sample. Lead concentrations ranged from an estimate of 0.06 to 6.97 µg/L. Nickel concentrations ranged from less than 0.20 (the LRL) to 1.8 µg/L. Uranium concentrations ranged from an estimate of 0.014 to 1.12 µg/L. Some trace elements were detected less frequently or at lower concentrations (no more than 1 µg/L); these include antimony, cadmium, chromium, cobalt, mercury, selenium, and silver. Beryllium and thallium were not detected in any sample (table 1-2).
Three measures of radioactivity were employed (tables 3 and 1-6). Gross alpha activity ranged from less than 0.58 to 4.9 pico curies per liter (pCi/L). Gross beta activity ranged from 0.7 to 5.0 pCi/L. Radon-222 was detected in every sample, and activity ranged from 22 to 1,140 pCi/L. The median activity was 600 pCi/L in samples from sand and gravel wells and 222 pCi/L in samples from bedrock wells. Radon currently is not regulated in drinking water; however, the USEPA proposed MCL of 300 pCi/L for radon-222 in drinking water was exceeded in 17 samples, but the USEPA proposed Alternate Maximum Contaminant Level (AMCL) of 4,000 pCi/L was not exceeded. The AMCL is the proposed allowable activity of radon in raw-water samples where the State has implemented mitigation programs to address the health risks of radon in indoor air. The proposed MCL and AMCL for radon are under review and have not been adopted (U.S. Environmental Protection Agency, 1999 Agency, , 2009 ).
Pesticides
Five herbicides and 1 degradate were detected in samples from 12 sand and gravel wells and 1 bedrock well (table 1-7). The term degradate refers to a pesticide breakdown product resulting from biological or chemical processes. Atrazine or the triazine degradate CIAT (2-chloro-4-isopropylamino-6-amino-s-triazine, also called deethylatrazine) were detected in samples from 12 of the 16 sand and gravel wells. Estimated measurements were made for most of the atrazine and CIAT detections, 
Volatile Organic Compounds
Eight VOCs were detected in samples from six sand and gravel wells and two bedrock wells (table 1-8). None of the detected compounds exceeded State or Federal drinking-water standards. Trichloromethane, bromodichloromethane, dibromochloromethane, tribromomethane, 1,1,1-trichloroethane, 1,1-dichloroethane, and cis-1,2-dichloroethene were detected in samples from five production wells at concentrations ranging from 0.2 to 2.5 µg/L. The first four compounds are trihalomethanes (THMs), which typically are formed as by-products when chlorine or bromine is used to disinfect water. The THMs were detected at three production wells. The State and Federal MCLs for total THMs (80 µg/L) were not exceeded. The three chlorinated solvents-1,1,1-trichloroethane, 1,1-dichloroethane, and cis-1,2-dichloroethene-were detected at two production wells. The NYSDOH MCL of 5 µg/L for these solvents was not exceeded. Toluene was detected in samples from three private residential wells at concentrations ranging from 0.1 to 0.2 µg/L. One of the private residential wells was finished in sand and gravel and the other two private residential wells were finished in bedrock. The concentrations of toluene at these wells are below the NYSDOH MCL of 5 µg/L.
Bacteria
All samples were analyzed for total coliform, fecal coliform, E. coli, and heterotrophic bacteria. Coliform bacteria were detected in nine samples, and fecal coliforms were detected in two samples (table 1-9). Coliform bacteria were detected in two samples from sand and gravel wells and in seven samples from bedrock wells. The NYSDOH and USEPA MCL violation for total coliform bacteria occurs when 5 percent of finished water samples collected in 1 month test positive for total coliform (if 40 or more samples are collected per month) or when 2 samples are positive for total coliform (if fewer than 40 samples are collected per month). Escherichia coli (E. coli) were detected in one bedrock well, exceeding the MCL. Heterotrophic plate counts (HPCs) ranged from less than 1 (absent) to 566 colony-forming units per milliliter (CFU/mL); the Federal MCL (500 CFU/mL) was exceeded in one sample.
Wells Sampled in 2004 and 2009
Six of the wells sampled as part of this study in 2009 (wells BM 90, BM 375, M 595, OG 6, OG 504, and OG 846) Protection Agency (USEPA) and New York State Department of Health were exceeded for trace elements (arsenic, manganese, and iron) at 10 wells, bacterial analyses (total and fecal coliform or both) at 9 wells, and residue on evaporation at 3 wells. The USEPA drinking-water advisory taste threshold was exceeded for one inorganic ion (sodium) at six wells. The USEPA proposed MCL for the radioactive isotope radon-222 was exceeded at 17 wells. Eight volatile organic chemicals (trichloromethane, bromodichloromethane, dibromochloromethane, tribromomethane, 1,1,1-trichloroethane, 1,1-dichloroethane, cis-1,2-dichloroethene, and toluene) were detected at five production wells (for which there are public reporting requirements) and three residential wells. [Well locations are shown in figure 1 . NWIS, National Water Information System; wf, filtered water; <, less than; wu, unfiltered water; mg/L, milligrams per liter; µS/cm, microsiemens per centimeter at 25 degrees Celsius; CaCO3, calcium carbonate; E, estimated value-constituent was detected in the sample but with low or inconsistent recovery; N, nitrogen; P, phosphorus; --, no data; CFU, colony-forming unit; mL, milliliter. [Well locations are shown in figure 1 . NWIS, National Water Information System; wu, unfiltered water; µg/L, micrograms per liter; E, estimated value-constituent was detected in the sample but with low or inconsistent recovery; <, less than; wf, filtered water; M, constituent was detected in the sample but was not quantified; pCi [Well locations are shown in figure 1 . NWIS, National Water Information System; wf, filtered water; µg/L, micrograms per liter; <, less than; E, estimated value-constituent was detected in the sample but with low or inconsistent recovery. 
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